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(57) ABSTRACT 

The present invention is directed to a method and apparatus 
for CT data acquisition using a rotatable pre-subject ?lter 
having more than one ?ltering pro?le to control radiation 
exposure to a subject. The ?lter has one pro?le used to ?lter 
radiation When the radiation source is positioned above a 
subject and another pro?le that is used to ?lter radiation 
When the radiation source is positioned at a side of the 
subject. 

16 Claims, 6 Drawing Sheets 
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ROTATABLE FILTER FOR A PRE-SUBJECT 
CT COLLIMATOR HAVING MULTIPLE 

FILTERING PROFILES 

BACKGROUND OF INVENTION 

The present invention relates generally to diagnostic 
imaging and, more particularly, to a method and apparatus of 
dynamically ?ltering radiation emitted toWard a subject 
during radiographic imaging. 

Typically, in radiographic imaging systems, an x-ray 
source emits x-rays toWard a subject or object, such as a 
patient or a piece of luggage. Hereinafter, the terms “sub 
ject” and “object” may be interchangeably used to describe 
anything capable of being imaged. The beam, after being 
attenuated by the subject, impinges upon an array of radia 
tion detectors. The intensity of the attenuated beam radiation 
received at the detector array is typically dependent upon the 
attenuation of the x-rays. Each detector element of the 
detector array produces a separate electrical signal indicative 
of the attenuated beam received by each detector element. 
The electrical signals are transmitted to a data processing 
system for analysis Which ultimately produces an image. 

In computed tomography (CT) imaging systems, the x-ray 
source and the detector array are rotated about a gantry 
Within an imaging plane and around the subject. X-ray 
sources typically include x-ray tubes, Which emit the x-rays 
as a beam at a focal point. X-ray detectors typically include 
a collimator for collimating x-ray beams received at the 
detector, a scintillator for converting x-rays to light energy 
adjacent the collimator, and a photodiode for receiving the 
light energy from an adjacent scintillator and producing 
electrical signals therefrom. Typically, each scintillator of a 
scintillator array converts x-rays to light energy. Each pho 
todiode detects the light energy and generates a correspond 
ing electrical signal. The outputs of the photodiodes are then 
transmitted to the data processing system for image recon 
struction. 

There is increasingly a need to reduce radiation dosage 
projected toWard a subject during an imaging session. It is 
generally Well knoWn that signi?cant dose reduction may be 
achieved by using a “boWtie” ?lter to shape the intensity 
pro?le of an x-ray beam. Surface dose reductions maybe as 
much as 50% using a boWtie ?lter Generally, the boWtie 
?lter is constructed such that the pro?le used to ?lter the 
radiation projected toWard the subject is constant through 
the imaging process. That is, the boWtie ?lter is constructed 
to ?lter radiation emitted toWard a subject such that the sum 
of the radiation path length through the ?lter plus the path 
length through the subject is roughly constant One draWback 
of this construction is that a subject’s shape is not constant 
For example, a patient’s shape changes as a function of vieW 
angle as the x-ray tube and detector rotate around the patient 
and because the ?lter has a constant ?ltering pro?le at 
different points in the imaging process, portions of the 
subject may be over-radiated Whereas at other times, other 
portions Will be under-radiated As a result a choice must be 
made betWeen having under-radiated portions during the 
imaging process or increasing the dosage such that a mini 
mum radiation dosage throughout the imaging session is 
maintained With some portion being over-radiated. 
A number of developments have been made to address 

this situation. The CT scanner may be equipped With mul 
tiple beam shaping ?lters. Multiple ?lters, hoWever, 
increases the manufacturing costs of the CT scanner as Well 
as requiring additional controls to insure the appropriate 
?lters are being used during the scan session. Another 
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2 
approach is to dynamically control the amount of x-ray 
dosage emitted by the projection source as a function of 
vieW angle. This approach, hoWever, requires signi?cant and 
complex controls to alter the amount of radiation projected 
toWard the subject during the scan that signi?cantly 
increases the costs of the CT system nor takes into account 
shape of the pre-patient ?lter. 

Therefore, it Would be desirable to design a pre-subject 
collimator having a ?lter that rotates and effectively changes 
its ?ltering and been shaping properties as a function of vieW 
angle as the x-ray tube and detector rotate around a subject. 

BRIEF DESCRIPTION OF INVENTION 

The present invention is a directed method and apparatus 
for CT data acquisition using a rotatable pre-subject ?lter 
having multiple ?ltering pro?les to dynamically control 
radiation exposure to a subject that overcomes the afore 
mentioned draWbacks. 

Speci?cally, a ?lter is disclosed that is shaped to have 
varying ?ltering pro?les. The ?lter is designed to rotate 
about its lengthWise axis such that the ?ltering pro?le used 
may be varied as a function of the vieW angle of the 
projection source. 

Therefore, in accordance With one aspect of the present 
invention, a beam shaping ?lter for a CT imaging system 
includes a ?rst end and a second end, each of Which has a 
circular cross-section. The ?lter further includes a body 
formed of radiation beam shaping material that extends 
betWeen the ?rst end and the second end. A pair of depres 
sions is formed in the body orthogonal from one another 
such that a ?rst body diameter and a second body diameter 
are de?ned. 

In accordance With another aspect of the present inven 
tion, a CT system includes a rotatable gantry having an 
opening to receive a subject to be scanned as Well as a 
rotatable high frequency electromagnetic energy projection 
source con?gured to project a high frequency electromag 
netic energy beam toWard the subject at at least tWo vieW 
angles. The rotatable pre-subject collimator ?lter is also 
provided and has a static shape that de?nes at least tWo 
?ltering pro?les such that at a ?rst vieW angle a ?rst ?ltering 
pro?le ?lters the high frequency electromagnetic energy 
beam and at a second vieW angle a second ?ltering pro?le 
?lters the high frequency electromagnetic energy beam. The 
CT system further includes a scintillator array having a 
plurality of scintillator cells Wherein each cell is con?gured 
to detect high frequency electromagnetic energy passing 
through the subject as Well as a photodiode array optically 
coupled to the scintillator array and comprising a plurality of 
photodiodes con?gured to detect light output from a corre 
sponding scintillator cell. A data acquisition system is pro 
vided and connected to the photodiode array and con?gured 
to receive photodiode outputs Which are received by an 
image reconstructor that is con?gured to reconstruct an 
image of the subject. 

According to another aspect of the present invention, a 
method of reducing x-ray exposure during CT data acqui 
sition includes the steps of positioning a subject to be 
scanned in a scanning bay and projecting x-rays toWard the 
subject from an x-ray source at a ?rst vieW angle. The 
method also includes positioning a ?rst pro?le of a multi 
pro?le ?lter betWeen x-ray source and the subject When the 
x-ray source is projecting x-rays at the ?rst vieW angle. The 
method further includes the steps of spinning an x-ray 
source to a second vieW angle and projecting x-rays toWard 
the subject from the x-ray source at the second vieW angle. 
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A second pro?le of the multi-pro?le ?lter is then positioned 
betWeen an x-ray source and the subject When the x-ray 
source is projecting x-rays at the second vieW angle. 

Various other features, objects and advantages of the 
present invention Will be made apparent from the following 
detailed description and the draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

The draWings illustrate one preferred embodiment pres 
ently contemplated for carrying out the invention. 

In the draWings: 
FIG. 1 is a pictorial vieW of a CT imaging system. 
FIG. 2 is a block schematic diagram of the system 

illustrated in FIG. 1. 
FIG. 3 is a perspective vieW of one embodiment of a CT 

system detector array. 
FIG. 4 is a perspective vieW of one embodiment of a 

detector. 
FIG. 5 is illustrative of various con?gurations of the 

detector in FIG. 4 in a four-slice mode. 
FIG. 6 is a perspective vieW of a rotatable pre-patient 

collimator ?lter assembly in accordance With the present 
invention. 

FIG. 7 is a cross-sectional vieW taken lengthWise along 
the ?lter shoWn in FIG. 6. 

FIG. 8 is a cross-sectional vieW taken lengthWise along 
the ?lter shoWing FIG. 6 and orthogonal to the cross 
sectional vieW shoWn in FIG. 7. 

FIG. 9 is a schematic vieW of the pre-patient collimator 
?lter shoWn in FIG. 6 connected to a motor and a bearing 
assembly. 

FIG. 10 is a pictorial vieW of a CT system for use With a 
non-invasive package inspection system. 

DETAILED DESCRIPTION 

The present invention is described With respect to a 
radiographic imaging system such as the CT system shoWn 
in FIGS. 1*2. 

HoWever, it Will be appreciated by those skilled in the art 
that the present invention is equally applicable for use With 
other radiographic imaging systems utiliZing a rotating 
projection source and a pre-subject collimator. Moreover, 
the present invention Will be described With respect to the 
emission and detection of x-rays. HoWever, one skilled in 
the art Will further appreciate, that the present invention is 
equally applicable for the emission and detection of other 
high frequency electromagnetic energy. 

Referring to FIGS. 1 and 2, a “third generation” CT 
imaging system 10 is shoWn as including a gantry 12. The 
present invention, hoWever, is applicable With other CT 
systems. Gantry 12 has an x-ray source 14 that projects a 
beam of x-rays 16 through ?lter 15 toWard a detector array 
18 on the opposite side of the gantry 12. Detector array 18 
is formed by a plurality of detectors 20 Which together sense 
the projected x-rays that pass through a medical patient 22. 
Each detector 20 produces an electrical signal that represents 
the intensity of an impinging x-ray beam and hence the 
attenuated beam as it passes through the patient 22. During 
a scan to acquire x-ray projection data, gantry 12 and the 
components mounted thereon rotate about a center of rota 
tion 24. 

Rotation of gantry 12 and the operation of x-ray source 14 
are governed by a control mechanism 26 of CT system 10. 
Control mechanism 26 includes an x-ray controller 28 that 
provides poWer and timing signals to an x-ray source 14, a 
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4 
gantry motor controller 30 that controls the rotational speed 
and position of gantry 12, and ?lter controller 33 that 
controls ?lter 15. As Will be described in greater detail 
beloW, ?lter 15 is rotated or caused to spin about a length 
Wise axis of rotation by motor assembly 17. A data acqui 
sition system (DAS) 32 in control mechanism 26 samples 
analog data from detectors 20 and converts the data to digital 
signals for subsequent processing. An image reconstructor 
34 receives sampled and digitiZed x-ray data from DAS 32 
and performs high speed reconstruction. The reconstructed 
image is applied as an input to a computer 36 Which stores 
the image in a mass storage device 38. 

Computer 36 also receives commands and scanning 
parameters from an operator via console 40 that has a 
keyboard. An associated cathode ray tube display 42 alloWs 
the operator to observe the reconstructed image and other 
data from computer 36. The operator supplied commands 
and parameters are used by computer 36 to provide control 
signals and information to DAS 32, x-ray controller 28 and 
gantry motor controller 30. In addition, computer 36 oper 
ates a table motor controller 44 Which controls a motoriZed 
table 46 to position patient 22 and gantry 12. Particularly, 
table 46 moves portions of patient 22 through a gantry 
opening 48. 
As shoWn in FIGS. 3 and 4, detector array 18 includes a 

plurality of scintillators 57 forming a scintillator array 56. A 
collimator (not shoWn) is positioned above scintillator array 
56 to collimate x-ray beams 16 before such beams impinge 
upon scintillator array 56. 

In one embodiment, shoWn in FIG. 3, detector array 18 
includes 57 detectors 20, each detector 20 having an array 
size of 16x16. As a result, array 18 has 16 roWs and 912 
columns (16x57 detectors) Which alloWs l6 simultaneous 
slices of data to be collected With each rotation of gantry 12. 

SWitch arrays 80 and 82, FIG. 4, are multi-dimensional 
semiconductor arrays coupled betWeen scintillator array 56 
and DAS 32. SWitch arrays 80 and 82 include a plurality of 
?eld effect transistors (FET) (not shoWn) arranged as multi 
dimensional array. The FET array includes a number of 
electrical leads connected to each of the respective photo 
diodes 60 and a number of output leads electrically con 
nected to DAS 32 via a ?exible electrical interface 84. 
Particularly, about one-half of photodiode outputs are elec 
trically connected to sWitch 80 With the other one-half of 
photodiode outputs electrically connected to sWitch 82. 
Additionally, a re?ector layer (not shoWn) may be interposed 
betWeen each scintillator 57 to reduce light scattering from 
adjacent scintillators. Each detector 20 is secured to a 
detector frame 77, FIG. 3, by mounting brackets 79. 

SWitch arrays 80 and 82 further include a decoder (not 
shoWn) that enables, disables, or combines photodiode out 
puts in accordance With a desired number of slices and slice 
resolutions for each slice. Decoder, in one embodiment, is a 
decoder chip or a PET controller as knoWn in the art. 
Decoder includes a plurality of output and control lines 
coupled to sWitch arrays 80 and, 82 and DAS 32. In one 
embodiment de?ned as a 16 slice mode, decoder enables 
sWitch arrays 80 and 82 so that all roWs of the photodiode 
array 52 are activated, resulting in 16 simultaneous slices of 
data for processing by DAS 32. Of course, many other slice 
combinations are possible. For example, decoder may also 
select from other slice modes, including one, tWo, and 
four-slice modes. 
As shoWn in FIG. 5, by transmitting the appropriate 

decoder instructions, sWitch arrays 80 and 82 can be con 
?gured in the four-slice mode so that the data is collected 
from four slices of one or more roWs of photodiode array 52. 
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Depending upon the speci?c con?guration of switch arrays 
80 and 82, various combinations of photodiodes 60 can be 
enabled, disabled, or combined so that the slice thickness 
may consist of one, tWo, three, or four roWs of scintillator 
array elements 57. Additional examples include, a single 
slice mode including one slice With slices ranging from 1.25 
mm thick to 20 mm thick, and a tWo slice mode including 
tWo slices With slices ranging from 1.25 mm thick to 10 mm 
thick. Additional modes beyond those described are con 
templated. 

Referring noW to FIG. 6, a statically shaped pre-patient 
collimator ?lter 15 is shoWn in perspective as being con 
nectable to a motor or other drive assembly 17 via a shaft 86 
that is operationally connected to the ?lter 15 via end cap or 
plate 88. End cap 88 is designed to be adhesively connected 
to one end 90 of ?lter 15. A similarly shaped end cap or plate 
92 is connected to an opposite end 94 of the ?lter. The 
operational signi?cance of the shaft and end caps Will be 
described in greater detail With respect to FIG. 10. The shape 
of the ?lter is static or constant, but the shape de?nes 
multiple ?ltering pro?les, as hereinafter described. 

Still referring to FIG. 6, ?lter 15 has a general boWtie or 
hourglass shape. In this regard, each of the ends 90, 94 of 
?lter 15 has a diameter that is greater than the diameter of 
the body 96 that extends betWeen each of the ends. Body 96, 
hoWever, is uniquely designed to have a depression de?ned 
by surface 98 as Well as a second depression de?ned by 
surface 100. In the embodiment illustrated in FIG. 6, each of 
the depressions is positioned orthogonally from one another. 
The orthogonal placement of the depressions illustrates only 
one example of hoW the body 96 of ?lter 15 may be 
constructed. As such, the depressions may be formed in the 
body 96 of ?lter 15 so as to be more acutely or obtusely 
de?ned With respect to one another. Further, the body may 
be constructed to have multiple depressions including more 
than tWo depressions. As Will be discussed in greater detail 
beloW, the depressions de?ne the shape of ?lter 15 such that 
a multitude of ?ltering pro?les is possible. 

Referring noW to FIG. 7, a cross-sectional vieW of ?lter 15 
illustrating a ?rst ?ltering pro?le is shoWn. It is readily 
apparent in FIG. 7 that the body 96 of ?lter 15 extending 
betWeen ends 90 and 94 includes a relatively steep depres 
sion de?ned by surface 100. In this regard, a minimum body 
diameter is formed at the base 102 of the depression. The 
?ltering pro?le of ?lter 15 that results from the orientation 
illustrated in FIG. 7 is particularly Well suited for pre-patient 
?ltering of an x-ray beam that is being projected toWard the 
patient from a projection source generally positioned at a 
side of the patient, i.e. When the patient has the thickest 
cross-section. That is, since a patient generally has a thicker 
cross-section in the x-direction than in the y-direction, When 
lying on a patient table, ?lter 15 is designed such that the 
?ltering pro?le illustrated in FIG. 7 is presented When x-rays 
are projected toWard a thicker patient cross-section. Simply, 
?lter 15 is designed such that x-rays received at surfaces 104 
of ?lter 15 undergo greater ?ltering than the x-rays received 
at surfaces 100, 102. This variation in ?ltering poWer 
throughout the ?lter ensures that the sum of the x-ray beam 
lengths is uniform at the x-ray detector array interface. 

Referring noW to FIG. 8, another cross-sectional vieW of 
?lter 15 is shoWn that is orthogonal to the cross-sectional 
vieW illustrated in FIG. 7. In this regard, the ?ltering pro?le 
of ?lter 15 is de?ned by surface 98. Similar to the ?ltering 
pro?le illustrated in FIG. 7, the ?ltering pro?le of FIG. 8 also 
has a relative boWtie or hourglass shape, but the depression 
formed by surface 98 is less steep than the depression 
illustrated in FIG. 7. In this regard, the ?ltering pro?le 
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6 
illustrated in FIG. 8 is particularly Well suited for presenta 
tion in the x-ray fan beam path When the x-ray source is 
projecting x-rays toWard a patient from a position generally 
above the patient, i.e. When the patient has the thinnest 
cross-section. Because patients are generally ?at and thin in 
the x-direction When positioned face-up on a patient table, 
the ?ltering pro?le illustrated in FIG. 8 is also relatively ?at. 
That is, ?lter 15 is designed to provide less varying ?ltering 
across its Width but less ?ltering of the fan beam When the 
?ltering pro?le illustrated in FIG. 8 is presented in the x-ray 
beam path. 

Referring noW to FIG. 9, a schematic representation of the 
patient collimator ?lter 15 is shoWn connected to a motor or 
other drive assembly 17. As indicated previously, ?lter 15 is 
positioned Within the gantry of the CT system and is 
designed to rotate With the gantry around the patient or other 
scan subject during data acquisition. HoWever, ?lter 15 is 
also constructed to spin or rotate about its lengthWise axis 
generally referenced 106 such that more than one ?ltering 
pro?le, such as those illustrated in FIGS. 7 and 8, may be 
presented in the x-ray beam path as the ?lter rotates around 
the patient. Accordingly, motor 17 is connected to an end cap 
or plate 88 that is af?xed to an end of ?lter 15. On an 
opposite end, plate 92 is connected to the ?lter and also has 
a shaft 108 that is connected to a bearing assembly 110. 
Motor 17 is designed to rotate shaft 86 in conjunction With 
a bearing assembly 110 so that ?lter 15 is caused to spin or 
rotate about lengthWise axis 106 as a function of vieW angle 
of the x-ray projection source. In this regard, motor 17 may 
be controlled by a ?lter controller 33, FIG. 2, such that a 
steeper ?ltering pro?le, FIG. 7, is presented When the x-ray 
projection source is at a side of the patient. The motor may 
then cause ?lter 15 to spin or rotate about its lengthWise axis 
106 such that the ?ltering pro?le illustrated in FIG. 8 is 
presented When the x-ray projection source is projecting 
x-rays from a position above the patient. One skilled in the 
art Would readily appreciate that an encoder or other device 
may be incorporated With the motor such that the rotation of 
the gantry and the spinning of ?lter 15 may be synchronized. 
Motor 17 may also be controlled such that the ?lter 15 is 
caused to rotate or spin along its lengthWise axis uniquely 
for each scan session. That is, a pre-scan may be undertaken 
Whereupon a pro?le of the patient is acquired and used to 
input data into a computer program or algorithm to control 
motor 17 such that the ?ltering pro?les used throughout the 
imaging session are presented according to the particular 
contour of the particular patient undergoing the imaging 
session as opposed to a general control algorithm, or syn 
chroniZed With table translation. Additionally, the motor 
may incrementally spin or rotate the ?lter about its length 
Wise axis or provide a timed and smooth continuous rotation 
as a function of vieW angle. 

Referring noW to FIG. 11, package/baggage inspection 
system 200 includes a rotatable gantry 202 having an 
opening 204 therein through Which packages or pieces of 
baggage may pass. The rotatable gantry 202 houses a high 
frequency electromagnetic energy source 206, a pre-subject 
collimator ?lter 207, as Well as a detector assembly 208. A 
conveyor system 210 is also provided and includes a con 
veyor belt 212 supported by structure 214 to automatically 
and continuously pass packages or baggage pieces 216 
through opening 204 to be scanned. Objects 216 are fed 
through opening 204 by conveyor belt 212, imaging data is 
then acquired, and the conveyor belt 212 removes the 
packages 216 from opening 204 in a controlled and con 
tinuous manner. As a result, postal inspectors, baggage 
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handlers, and other security personnel may non-invasively 
inspect the contents of packages 216 for explosives, knives, 
guns, contraband, etc. 

Therefore, in accordance With one embodiment of the 
present invention, a beam shaping ?lter for a CT imaging 
system includes a ?rst end and a second end, each of Which 
has a circular cross-section. The ?lter further includes a 
body formed of radiation beam shaping material that extends 
betWeen the ?rst end and the second end. A pair of depres 
sions is formed in the body orthogonal from one another 
such that a ?rst body diameter and a second body diameter 
are de?ned. 

In accordance With another embodiment of the present 
invention, a CT system includes a rotatable gantry having an 
opening to receive a subject to be scanned as Well as a 
rotatable high frequency electromagnetic energy projection 
source con?gured to project a high frequency electromag 
netic energy beam toWard the subject at at least tWo vieW 
angles. The rotatable pre-subject collimator ?lter is also 
provided and has a static shape that de?nes at least tWo 
?ltering pro?les such that at a ?rst vieW angle a ?rst ?ltering 
pro?le ?lters the high frequency electromagnetic energy 
beam and at a second vieW angle a second ?ltering pro?le 
?lters the high frequency electromagnetic energy beam. The 
CT system further includes a scintillator array having a 
plurality of scintillator cells Wherein each cell is con?gured 
to detect high frequency electromagnetic energy passing 
through the subject as Well as a photodiode array optically 
coupled to the scintillator array and comprising a plurality of 
photodiodes con?gured to detect light output from a corre 
sponding scintillator cell. A data acquisition system is pro 
vided and connected to the photodiode array and con?gured 
to receive photodiode outputs Which are received by an 
image reconstructor that is con?gured to reconstruct an 
image of the subject. 

According to another embodiment of the present inven 
tion, a method of reducing x-ray exposure during CT data 
acquisition includes the steps of positioning a subject to be 
scanned in a scanning bay and projecting x-rays toWard the 
subject from an x-ray source at a ?rst vieW angle. The 
method also includes positioning a ?rst pro?le of a multi 
pro?le ?lter betWeen x-ray source and the subject When the 
x-ray source is projecting x-rays at the ?rst vieW angle. The 
method further includes the steps of spinning an x-ray 
source to a second vieW angle and projecting x-rays toWard 
the subject from the x-ray source at the second vieW angle. 
A second pro?le of the multi-pro?le ?lter is then positioned 
betWeen an x-ray source and the subject When the x-ray 
source is projecting x-rays at the second vieW angle. 

In another embodiment, the present invention includes a 
pre-subject ?lter assembly for a CT imaging system having 
a detector assembly and a high frequency electromagnetic 
energy projection source con?gured to rotate about a subject 
during an imaging session. The ?lter assembly includes a 
beam shaping ?lter having a generally cylindrical shaped 
body de?ning multiple ?ltering pro?les. The ?lter is con 
structed to rotate about an axis of rotation that extends 
through its body. A controller is provided to cause rotation 
of the ?lter about the axis of rotation during an imaging 
session to dynamically ?lter high frequency electromagnetic 
energy projected toWard the subject as a function of vieW 
angle. 

In another embodiment, a CT system includes a rotatable 
gantry having an opening to receive a subject to be scanned. 
A moveable high frequency electromagnetic energy proj ec 
tion source proj ects high frequency electromagnetic energy 
such as x-rays toWard the subject at at least tWo vieW angles 
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8 
during an imaging session. Apre-subj ect collimator includes 
a ?lter that is rotatable about itself relative to an axis of 
rotation extending the ?lter during the imaging session. The 
?lter includes multiple ?ltering pro?les. As such, the ?lter 
moves circumferentially around the subject during the imag 
ing session but also rotates or spins relative to itself during 
the imaging session such that multiple ?ltering pro?les are 
usable during the imaging session. The CT system further 
includes a scintillator array and a photodiode array that 
rotate synchronously With the ?lter and x-ray source during 
the imaging session. The scintillator and photodiode arrays 
collectively form a detector array that detects x-rays attenu 
ated by the subject during the imaging session and outputs 
electrical signals indicative of the attenuation. The detector 
output is then input to a DAS con?gured to reconstruct an 
image of the subject. The CT system further includes a 
computer programmed to rotate the ?lter about the axis of 
rotation such that a ?rst vieW angle a ?rst ?ltering pro?le is 
presented and at a second vieW angle a second ?ltering 
pro?le is presented. 

In another embodiment of the present invention, a method 
of reducing x-ray exposure during CT data acquisition 
includes positioning a subject to be scanned in a scanning 
bay and projecting x-rays toWard the subject from an x-ray 
source at a ?rst vieW angle. A ?rst pro?le of a multi-pro?le 
?lter is then positioned betWeen the x-ray source and the 
subject When the x-ray source is projecting x-rays at the ?rst 
vieW angle. The x-ray source is then rotated to a second vieW 
angle and projects x-rays toWard the subject therefrom. 
Simultaneously thereWith, the multi-pro?le ?lter is caused to 
rotate about an axis of rotation that extends through a length 
of the ?lter such that a second pro?le is positioned betWeen 
the x-ray source and the subject When the x-ray source is 
projecting x-rays from the second vieW angle. 
The present invention has been described in terms of the 

preferred embodiment, and it is recognized that equivalents, 
alternatives, and modi?cations, aside from those expressly 
stated, are possible and Within the scope of the appending 
claims. 

What is claimed is: 
1. A beam shaping ?lter for a CT imaging system, the 

?lter comprising: 
a ?rst end and a second end, each end having a circular 

cross-section; 
a body formed of radiation beam ?ltering material and 

extending betWeen the ?rst end and the second end, the 
body designed to be positioned in a path of x-rays 
emitted by an x-ray tube during radiographic imaging 
of a subject; and 

a pair of depressions formed in the body orthogonal from 
one another and de?ning a ?rst body diameter and a 
second body diameter, Wherein the ?rst body diameter 
de?nes a minimum radiation beam ?ltering pro?le and 
the second body diameter de?nes a maximum radiation 
beam ?ltering pro?le and Wherein the body further 
de?nes a number of radiation beam ?ltering pro?les 
betWeen the pair of depressions; 

Wherein the pair of depressions de?nes a pair of ?ltering 
pro?les and Wherein a slope betWeen a maximum point 
and a minimum point of one ?ltering pro?le is larger 
than a slope betWeen a maximum point and a minimum 
point of the other ?ltering pro?le. 

2. The beam shaping ?lter of claim 1 con?gured to rotate 
as a function of gantry vieW angle such that the ?rst radiation 
beam ?ltering pro?le is presented When the ?lter is generally 
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at a side of a subject and the second radiation beam ?ltering 
pro?le is presented When the ?lter is generally above the 
subject. 

3. The beam shaping ?lter of claim 1 con?gured to 
minimize radiation dosage to a subject as a function of x-ray 
source vieW angle. 

4. The beam shaping ?lter of claim 1 further comprising 
a shaft connectable to a motor at the ?rst end and comprising 
a bearing assembly connected at the second end. 

5. A CT system comprising: 
a rotatable gantry having an opening to receive a subject 

to be scanned and con?gured to rotate along a rota 
tional path; 

a rotatable high frequency electromagnetic energy pro 
jection source con?gured to project a high frequency 
electromagnetic energy beam toWard the subject at at 
least tWo vieW angles; 

a rotatable pre-subj ect ?lter having a static shape, Wherein 
the ?lter is constructed to de?ne at least tWo ?ltering 
pro?les such that at a ?rst vieW angle a ?rst ?ltering 
pro?le ?lters the high frequency electromagnetic 
energy beam and at a second vieW angle rotated from 
the ?rst vieW angle along the rotational path a second 
?ltering pro?le different and rotated from the ?rst 
?ltering pro?le ?lters the high frequency electromag 
netic energy beam Without varying the shape of the 
?lter betWeen rotation betWeen the ?rst vieW angle and 
the second vieW angle, Wherein the ?rst ?ltering pro?le 
has a maximum point and a minimum point and the 
second ?ltering pro?le has a maximum point and a 
minimum point, and Wherein a slope betWeen the 
maximum point and the minimum point of the ?rst 
?ltering pro?le is larger than a slope betWeen the 
maximum point and the minimum point of the second 
?ltering pro?le; 

a scintillator array having a plurality of scintillator cells 
Wherein each cell is con?gured to detect high frequency 
electromagnetic energy passing through the subject; 

a photodiode array optically coupled to the scintillator 
array and comprising a plurality of photodiodes con 
?gured to detect light output from a corresponding 
scintillator cell; 

a data acquisition system (DAS) connected to the photo 
diode array and con?gured to receive the photodiode 
outputs; and 

an image reconstructor connected to the DAS and con 
?gured to reconstruct an image of the subject from the 
photodiode outputs received by the DAS. 

6. The CT system of claim 5 Wherein the ?lter is a boWtie 
?lter designed to reduce high frequency electromagnetic 
energy dosage to the subject as a function of projection 
source vieW angle. 

7. The CT system of claim 5 Wherein the ?lter includes a 
?rst end and a second end and a body extending therebe 
tWeen, the body including at least a pair of depressions 
orthogonal from one another that de?nes a ?rst body diam 
eter and a second body diameter, respectively. 
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8. The CT system of claim 7 Wherein the ?rst body 

diameter is less than the second body diameter such that the 
slope betWeen the maximum point and the minimum point 
of the ?rst ?ltering pro?le de?ned by the ?rst body diameter 
is larger than the slope betWeen the maximum point and the 
minimum point of the second ?ltering pro?le de?ned by the 
second body diameter. 

9. The CT system of claim 5 Wherein the ?rst vieW angle 
is orthogonal of the second vieW angle. 

10. The CT system of claim 5 incorporated into at least 
one of a medical imaging system and a parcel inspection 
apparatus. 

11. A method of reducing x-ray exposure during CT data 
acquisition comprising the steps of: 

positioning a subject to be scanned in a scanning bay, the 
scanning bay de?ned by a gantry having a bore there 
through and Wherein the gantry includes an x-ray 
source and a multi-pro?le ?lter designed to rotate 
around the subject during an imaging session, the 
multi-pro?le ?lter having a ?rst generally hour-glass 
cross-section and a second generally hour-glass cross 
section different from the ?rst cross-section and de?ned 
to be orthogonal from the ?rst generally hour-glass 
cross-section; 

spinning the multi-pro?le ?lter to a ?rst ?ltering pro?le 
position such that a ?rst ?ltering pro?le de?ned by the 
?rst generally hour-glass cross-section is positioned 
betWeen the x-ray source and the subject When the 
x-ray source is projecting x-rays at a ?rst vieW angle; 

projecting x-rays toWard the subject from the x-ray source 
at the ?rst vieW angle; 

rotating the x-ray source to a second vieW angle; 
spinning the multi-pro?le ?lter to a second ?ltering pro?le 

position such that a second ?ltering pro?le de?ned by 
the second generally hour-glass cross-section is 
betWeen the x-ray source and the subject When the 
x-ray source is projecting x-rays at the second vieW 
angle; and 

projecting x-rays toWard the subject from the x-ray source 
at the second vieW angle. 

12. The method of claim 11 Wherein the ?rst vieW angle 
is orthogonal to the second vieW angle. 

13. The method of claim 11 Wherein a slope betWeen a 
maximum point and a minimum point of the second ?ltering 
pro?le is larger than a slope betWeen a maximum point and 
a minimum point of the ?rst ?ltering pro?le. 

14. The method of claim 13 Wherein the ?rst vieW angle 
is relatively above the subject and the second vieW angle is 
at a relative side of the subject. 

15. The method of claim 11 further comprising the step of 
rotating the ?lter synchronously With rotation of the x-ray 
source. 

16. The method of claim 11 Wherein the ?lter is a beam 
shaping boWtie ?lter. 


